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Ribonucleic Acid Synthesis in the Bud an Essential Component of
It has been shown in earlier papers (8, 9) that photoperiodic induction of the cocklebur is inhibited by application to the plant of the pyrimidine, 5-fluorouracil (5-FU).
It was further found that the inhibitor is most effective in this function if applied directly to the bud at the beginning of the otherwise inductive dark period. It has been further concluded that the inhibitor functions by adversely affecting processes which take place in the bud during the inductive dark period and which are essential to photoperiodic induction.
In this paper we shall show that the process in the bud which is inhibited by 5-FU and which is related to inhibition of induction is the synthesis of ribonucleic acid (RNA).
Methods
The cocklebur (Xanthium pensylvanicurn Wall, 9) plants used were of our standard inbred strain. They were grown in a controlled environment greenhouse (Campbell Plant Research Lab.) at a day (9 hr) temperature of 23 C and a night (15 hr) temperature of 17 C. The natural day length was lengthened to 18 hours (9 hr at 23 C & 9 hr at 17 C) with low (ca. 50 ft-c) intensity supplementary light to maintain the plants in the vegetative condition. The plants were used for experimentation after the appearance of the sixth leaf by which time they had become fully photoperiodically sensitive. Under the present environmental conditions, the plants were ready for use approximately 30 days after planting the seed.
In preparation for each experiment the plants (200-250 in number) were first defoliated, leaving only a single leaf and this the most rapidly growing one (approximately 7 cm long) which is most sensitive to induction. Such defoliation included removal of young leaves down to approximately seven millimeters in length. The plants were then randomly distributed into groups of 15 to 20. In general a single such group served for a single treatment in the experiment, although, as noted below, duplicate or even qua(lruplicate groups were used in particular experimental designs. In addition, each experiment reported below has been repeated at least twice.
In experiments or treatments dealing with the influence of added metabolites on the course of induction the plants were treated with the metabolite, induced by exposure to a single 16-hour dark period and returned to a long (22 hr) day in the Dolk evaporatively cooled greenhouse for 9 days at which time the apical buds were dissected and classified according to the floral stage system of Salisbury (7). Metabolites such as 5-FU were applied in these experiments in aqueous solution containing a small amount (ca. In experiments concerned with chemical activities of the apical bud, a further procedure for standardization of initial bud size was introduced. Each plant after defoliation was subjected to measurement of the length of its apical bud with a vernier micrometer. The bud was measured on the ventral side of its largest leaf primordium and from tip to base. By this measurement the plants were classified into three groups possessing apical buds, respectively, 8, 7, or 6 mm long. All plants with buds not in these three categories were discarded. The treatment groups for the experiment wvere then made up so that all contained the same number of 8 mm buds, etc. In all experiments concerned with chemical matters, the 15 to 20 plants of a single treatment group were harvested, pooled, and treated as a single sample. In such experiments, therefore, duplicate, triplicate, or quadruplicate groups were used for each treatment.
In certain of the experiments reported below, C'4-labeled metabolites were applied to bud or to leaf. The labeled metabolite, made up in water with Tween 20, was applied in measured volume with a micro syringe, 0.01 ml per bud or 0.1 ml per leaf.
Separation of and determination of RNA and DNA was carried out according to the procedure of Schmidt and Thannhauser (10): The freshly harvested sample was weighed (ca. 150 mg fresh weight in the case of 15 buds) and immediately extracted with 80 % ethanol at 100 C. It was then ground in a glass homogenizer and re-extracted with 80 % ethanol to yield a pigment-free powder. This was subjected to three successive extractions with 5 % TCA at ice bath temperature. The TCA was then removed by ethanol and ethanol-ether Labeled 5-FU applied to the leaf, on the contrary, is not only recoverable in the leaf, but also in the bud. The amount of labeled 5-FU recovered in the bud as the result of leaf application is somewhat smaller than that found in the bud after bud application even though the extent of inhibition of induction is approximately the same in the two cases. Nonetheless, the data serve to demonstrate quantitatively that 5-FU can and does exert its inhibitory effect upon photoperiodic induction by acting directly on the bud. This is true even though the bud itself is not the photoreceptor; it does not perceive and sense the length of the dark period, a function which is, rather, the property of the leaf. The fact that leaf application of 5-FU is also effective is apparently due to the fact that the material is readily transported to the bud even during a single 16 hour dark period.
Results similar to those above have been obtained with C-14-labeled orotic acid which like labeled 5-FU is readily transported from leaf to bud during a 16 hour dark period but is not transported from bud to leaf during the same period.
The fact that 5-FU exerts its inhibition of photoperiodic induction in the bud, and this during a 16 hour inductive dark treatment of the leaf, indicates that processes essential to induction take place in the bud during this period. This is true even though it is known from defoliation experiments that the transport from the leaf of a material or materials required for induction in the bud commences during the light period subsequent to the inductive dark period (7). The 5-FU-inhibitable processes of the bud must therefore be ones which are essential to the subsequent successful receipt of and action upon the leaf-produced floral stimulus. In any case, the present experiments indicate that the study of the mechanism by which 5-FU inhibits photoperiodic induction should concern itself with the tissues of the bud alone. All of the subsequent material in this paper is, therefore, concerned with the metabolism of the bud. 0 Kinetics of 5-FU inhibition. It has been shown in an earlier paper (9) that 5-FU is effective in inhiibiting photoperiodic induction only if applied early in or at the beginning of the inductive dark period and -Application of 5-fluorouracil inhibits photoperiodic induction even if the material is applied at the beginning of the 8-hour short night, preceded by 16 hours of light to the inductive dark period. In this case, however, the inhibition is reversed by applica-tion of orotic acid at the end of the short-night period. Apparently, therefore, the inductive processes in the bud which are inhibited by 5-fluorouracil are ones which start anew at the beginning of each dark period. 0 5-Fluorodeoxyuridine, a specific inhibitor of DNA multiplication, also inhibits the development of floral primordia, but in contrast to the effects of 5-fluorouracil, this inhibition is fully reversible by thymidine, even if the thymidine is applied at the end of the inductive dark period. These results demonstrate that DNA multiplication in the bud during the inductive dark period is not essential to the act of induction.
-It is concluded that RNA synthesis is the process essential to photoperiodic induction which is inhibited by the presence of 5-fluorouracil in the bud of Xanthium during an otherwise inductive dark period.
